A projected Hamiltonian with definite angular momentum from the exactly solvable deformed mean-field plus nearest-orbit pairing model is proposed to study whether the deformed mean-field plus nearest-orbit pairing model can be used to describe low-lying spectra of nuclei reasonably.
Introduction
The mean field plus pairing model was previously studied by using the BCS approximation. [1] It is well known that exact solution to the problem can be obtained by using the Gaudin-Richardson method. However, with increasing the number of orbits and valence nucleon pairs, the solutions turn out to be much more complicated. To avoid such complication, the nearest-orbit pairing interaction was considered, which has been proven to be a good approximation for the pairing interaction in deformed nuclei. [1] However, it is still not possible to describe low-lying states in the model because angular momentum is not a conserved quantity due to the intrinsic deformation. Hence, angular momentum projection for the model is necessary in order to project the system into the physical subspace with definite angular momentum. In addition, particle number nonconservation effects occurring in the BCS approximation treatment is avoided in the angular momentum projected Nilsson mean-field plus nearest-orbit pairing model because the pairing interaction is treated exactly.
Angular Momentum Projection of the model
The Hamiltonian of the mean-field plus nearest-orbit pairing model for either proton or neutron part can be written as:
where the first term only involves single-particle energies of unpaired particles, and the prime in the summation of the second term indicates that the sum is restricted to the orbits not occupied by those unpaired particles, ρ = π or ν for the proton or neutron part,
2 , in which ε α and ε β are single-particle energies of orbit α and orbit β respectively taken from the Nilsson model, A < 0 and B > 0 are real parameters, and the sum < i, j > only runs over the same and the nearest orbits. As shown in Ref. [2] , the µ-pair eigenstates of Eq. (1) can be written as
where |n ρ f ⟩ is the pairing vacuum state satisfying
in which {|τ JK⟩} can be expanded in terms of eigenstates {|kξ⟩} of the deformed mean-field plus pairing model Hamiltonian of Eq. (1), where τ is an additional quantum number used to label different states with the same J, and {|kξ⟩} is a complete set of normalized orthogonal eigenstates obtained from the mean-field plus pairing model, in terms of which |τ JK⟩ can be expanded as
where k is total valence particle number in the corresponding system, g τ JK ξ
is the expansion coefficient which is the key to determine {|τ JK⟩}. In order to determine the expansion coefficient g
, we adopt the usual angular momentum projection operator:
which satisfies
Combining Eq. (6) and Eq. (8), we obtain the following linear equation for the coefficients g
Then, the eigenstates |ηJK⟩ of H J K can be expressed as
where a η τ is the corresponding expansion coefficient determined by the following eigen-equation:
Since the quantum number η ≡ η K is K dependent, the final eigenstates in the laboratory frame |ηJK⟩ L should be expressed in terms of those in the intrinsic frame |ηJK⟩ as
with the corresponding eigenenergies the same as those given by Eq. (11). Contrary to the triaxial rotor, however, there is no D 2 symmetry restriction for Eq. (12) except the time reversal symmetry with K −K. Therefore, both even and odd K values are allowed in Eq. (12). 
